convected through the neutral atmosphere. The continuity, momentum and a simplified energy equations were solved in this model over an altitude range from 120 km to 800 km, with boundary conditions describing chemical equilibrium at 120 km and no outflow at 800 km.
On the other hand, Ganguli •nd Pabnadesso [1987] and Ganguli et al. [1987] investigated the effects of return currents on the high-altitude collisionless region. These authors solved the steady state, sixteen moment approximation of the gyrotropic transport equations for electrons and H + ions, while the O + ions were assumed to form a static background population at a constant temperature. Their calculations start at an altitude of 1500 km and extend to 10 RE; they assumed a supersonic upward H + flow at the lower boundary. Ganguli and Palrnadesso [1987] have also studied time-dependent, high altitude H + transient behavior generated by ionospheric return currents; to do this they used an earlier model of Mitchell and Palrnadesso [1983] .
On the basis of their model calculations, Ganguli and
Palmadesso [1987] concluded that an increse in the return current results in faster electron upflow, which in turn implies a faster expansion of the electron gas and a cooler electron temperature. The reduced electron temperature leads to a reduction of the ambipolar electric field, which in turn results
AP i -+ •;t + Aut•i (2)
where t is time, r is distance along open magnetic field lines, m is the particle mass, p is the gas mass density, p is the pressure, T is the temperature, }, is the specific heat ratio, tc is the heat conductivity, e is the particle charge, g is the local gravitational acceleration, S is the mass production rate, El/ is the magnetic field aligned electric field, •M/& is the momentum exchange rate, and •E/•t is the energy exchange rate. The 'i' subscript refers to either hydrogen or oxygen ions.
in a decrease of the hydrogen ion flow velocity.
It is assumed that the plasma is quasi-neutral, therefore the The aim of the work described in this paper is to electron continuity equation can be replaced by a simple investigate the transient features generated by field-aligned relation: currents in the polar ionosphere. Our main goal was to develop a self-consistent model, which is able to describe the transient response of the F region and topside ionosphere to various field-aligned current patterns. The present model concentrates on the altitude region where the polar ionosphere attains significant flow velocities (between 500 km and 1500 kin). One of the main advantages of this model is that it self-consistently calculates the ion densities, velocities and temperatures beginning from the low altitude photochemically controlled region. The numerical model is a modified version of our recently benchmarked [Gombosi and Schunk, 1988] hydrodynamic model [Gombosi et al., 1985 [Gombosi et al., , 1986 , which simultaneously solves the coupled continuity, momentum and energy equations of a two ion (H + and O +) quasi-neutral plasma along a diverging flux tube between 200 and 8000 km, taking into account the effects of ionization, charge exchange, recombination, collisions and heat conduction.
Mo•m. ne = n(O +) + n(H +)
where n is the particle number density. Next, we want to include a simple approximation of field-aligned currents into the present model. As done by previous studies [Mitchell and Palrnadesso, 1983; Ganguli and Palmadesso, 1987], the present model assumes that the field-aligned current is entirely carried by the thermal plasma. Therefore the electron velocity is expressed as ue = n(O )u(O ) + n(H +)u(H +)-
where j is the electric current density. Equation (5) 
The numerical model simultaneously solves the timedependent coupled continuity, momentum and energy equations for oxygen and hydrogen ions along diverging open magnetic field lines (the cross-sectional area of a magnetic flux tube, A, varies as A ~ B -l, where B is the magnetic field strength). It is assumed that the ion and electron gases can be considered to be perfect fluids. The model neglects magnetic field curvature effects and uses a gyrotropic five-moment approximation.
Using these assumptions the ion continuity, momentum and energy equations become
where the 0 subscript refers to a reference altitude (in our case to 200 km). In the present set of calculations, Jo was a free parameter. In this approximation the electron momentum equation can be used to determine the electric field component parallel to the magnetic field:
• • •mm* (%-ui)Si -'•-t J [1987] ). An episodic current can occur when the flux tube 3.1. Return Current Generated Transients is rapidly convected through a Birkeland current region.
In the simulation of a long lasting field-aligned current event the value of the field aligned current is taken to 
Upward Current Generated Transients
The present model was also applied to model ion transients generated by upward currents. Upward field-aligned currents are "carried" by precipitating magnetospheric electrons, which are not part of the thermal ionospheric population. This means that those models, which are only Dashed curves correspond to O + ions, while the dotted curve refers to protons return current results in faster electron upflow, which in turn implies a more rapid expansion of the electron gas and therefore leads to cooler electron temperatures. The reduced electron temperature leads to a reduction of the ambipolar electric field, which generates a downward heavy ion flow. In the case of upward currents the ambipolar electric field is increased and a heavy ion upwelling is generated. It is interesting to note that the H + escape flux remains constant (within 10-20%) during field-aligned current events. The main reason for this insensitivity is that the light hydrogen ions are accelerated upward by the ambipolar electric field, which is primarily controlled by the dominant ion species (O+). The presence of field-aligned currents generates only relatively small changes in the parallel electric field profile: these modifications are strong enough to drive transient major ion flows (which in steady state experience only a small net acceleration), but they are not adequate to change the acceleration pattern of minor ions (in other words, the upward accelerating force acting on H + ions might be slightly increased or reduced by field-aligned currents, but the resulting force will still accelerate the hydrogen ions upward).
An interesting consequence of the large steady ionospheric return current is the substantial modification of the temperature profiles. We have already mentioned that the electron temperature decreases due to increased adiabatic cooling caused by faster electron upflow. At the same time the major ion (O +) temperature increases, while the light minor ions (H +) exhibit a temperature decrease (see Figure 6 ). 
